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SUHMARY 



Performance datr. on a Trane exhaust ^-as and air heat 
•excha-nger are "oreFjented, Heat transfer rates were meas- 
ured using exhaucit ^as rates rangin^j^ from 4550 ll\/hr to 
7000 Ib/hr and ve at 1 la t ing-a ir rat.; 3 fro.ii 2200 ll^/hr to 
4750 .Ib/lu' - Thej inlet exhaust gas b Gi..pera^-U' re v/a 3 main- 
tained at approximately l^CO'^ E: ^^^/hersas '':he inlet temper' 
ature of the ventilating ^-^^ir vvas about 95^ E. pressure 
drop measur emexit s were made across the exhrust-^as side 
and across the ventilating air side of the heat exchanger 
under isothermal and ncn- i sotb v^rr.al conditions. In addi- 
tion, isothermal prssii^ure drops across the inlet and 
outlet air ducts alcno v/ere men cured. 

The maximuL.. meacured rate of heat transfer was 
369,000 Btu./hr v/ith maximum staoic pressure drops of I8.8 
inches of vvater r.nd 1^5,9 inches of water on the exhaust 
gas and ventilating air sides of the heat exchanger, 
respectively. 

The mcrsurod tnerm.al outputs and the static Dressure 
drops are compared wiih predicted mafinitudes- 

IKTROrUCTIOH 



The heater was tested on the large test stand in the 
Mechanical Engineering Laboratories of the Unive^rsity of 
California. (See photograph (fig. l) and a descript -ion of 
this test stand in r ef er enc e' 1 . ) This heater was designed 
for use. in the exhaust gas system of aircraft engines for 
the purpose of supplying heated air to the cabin, tne Y7ing, 
and the tail surfaces. 
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Thf^ follovvinp data wer^^ olDtaln'='d: 

1. Weight rates of exhaust ff-r?; and vpntilatinp ^^.ir 

throup'h the two nid-.- s of the heat exch'"- nf 

2. Tem^-: eratures of ventilating air and ?xh?^ust 

gRG rit nnt ranee and exit of the heater 

3. TemT) '-rature s of the hea.ter surfaces 

U. St' tic "nr-ssur'o droT) measurement? on the exhaust 
rf^s and ventilating air r-ides of th^ heater 
under "both isothermal ^-nd. non-i v^other m?i.l flov 
conditions 

^. Isothermial static rresc^ure dro^^ m^'^-sur'^ment 5 
across the air inlet and outl^^t ducts 



DISCHIPTION OF TF!^. TRA.NE HE.A.T]1:H AND OF ^HE TESTIITG PRCCEDUHE 



The trane heatf^r is an al 1 -r^r i m e - sur f ac e crossflow 
unit consistinfr of altv^rnate ventilating air and exhaust 
f'ls passapen made from preformed sheets ahout 13^ hy 7^ 

inches. The passages on the exhaust ras side, ^6 in numher, 
are stra.ight diamond- s har) e channel- l'^3 inche^^ in len/?*th, 

On the ventila.tinp air side, there rsre 1^ zi^-^a^ pas^^a^es 

of rectan/rular cross section f)r.A a length of 6- inches 

2 

the sinuous "nassapes of which conform to the contour^ of 
the exhaust ('^'^ s "na.-^. sa^^-es . The sheets arr- mounted in a 
framie of li^'rht an^^^le iron, forminr a unit with over-all 

dimensions of a^.-rroximat ely 1^^ l^y ^7 ?~ inches. A 

U 2 

sketch of the heat exchanger is shown in fip'ure 7- Also, 
photo.^rn-nhs of tli^ heater are shov/n in figures ? to ^. 
The inlet duct of the air shroud c 3 r, t i n e d vanes f^.rv^ rif^ -"^ d 
to distrihute th-'^ flov/ of v-^-ntilatinp air across the heater. 

The weight rates of exh^^^.ust {^^^.^ ancl ve n t i 1 t i n^ air 
were ohtr-^ined "by m-ans of ce.lihrated s ariar edre orifices. 

The exhaust .^hs t emT)e rature s v;pr^ measured at the 
inlet and outlet of the heater hv •m<=^ans of ^^hirld-ri trav- 
er;:-ir-g thermoc oun les, IJnshi"l'^-ed travprsin^f* thermoco v "o 1 e s 
v/ere used to Measure th-- t em.T^ eratur e of the ve nt i l-'^ t i n^ 
air. 
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^. mixing device wa- used at the exit of the np.tiiral- 
,^a,q furnace to im-.rove t>.e temperature distribution at 
the entrance to the heater. The temr)erature di s t r ihut i o ns 
(in de^. F) vere as follows: 

Exhaust gas inlet ±7 -ercent of complete uniformity'' 

Enhaust -as outlet ±2 loercent of coD-.lete uniformity 

Ventilating- air outlet ±1^ percent of complete uni- 
formity 

Ven u i la-c inp; air inlet (com-lete uniformity) 

The traversing: thermocouples were installed t the 
foil o\.' i n-^: p o i nt s : 

Exhaust ^y:.s inl'^t t em."^ er at ur e traverse - I5 inches 
upst-.'eam from heater 

Exhaust s outlet t em-r^ e ra t ur e traverse - ?Uj i 
downstream from heater 

Vent i lat iU;?: air inlrt t eirv.ratur e traverse - 
7 inches upstream from heater 

Vent i latin/-; air outlet t em"»-) e rat ur e traverse - 
3^^ inches dov;nstream from heater 

The heat loss to the sur r oundi n;. s v/as reduced to a 
ne./^:li::ible amount by wr.^-oi-ino- the ducts ^^nd the heater 
V/ i t h asbestos sheets. 

Temperatures of the heater surfaces vere measured at 
six T^oints, three on each side ( vent ilat inf: air inlet and 
outlet sides) of the heater. (See f i r ci , o nd 3.) 

Static pressure dro 0 measurements vrere made across 
the vent ilat in^u; air and exhaust fas -ides of the heat'^r. 
Two taps, loO^ apart, were in- ailed ^^t each riressure- 
measurin.v st^^?.tion. The -ores^Lirc taDs on the S-inch exhaust 

^•r3.s ducts v/ere -jlacod 5^ inches upstream and 7 inches down- 
stream from the heat transfer section of the heater; where- 
as those on the ventilating^* air side -or- placed in a 5- 

inch duct 11- inches upstream -i.nd lU inches dov^nstream from 
the air shroud o^ " i y s . 



Isotheriri-:-.! stc?-tic pressure drc^' ir.eanir ^mcnt 3 ^\crosG 
the p.ir inlot and outlet ducts alone were m'..de by se-^arat- 
iiif; thase ducts a "spencer" equiv;--.lent to the neater 
V7idth, TO that the ducts wer-^- in position? corr or.-^ondin^ 
to those for measurements across the d\icts and the heater. 
The lores sure dro'p in the "spacer'^ v;as computed a.nd found 
to "be negli3i"fcly small. 



SYMBOLS 

A area ^ of ht;at transfer, ft^ 

A.^ total cr oso-si.cti onal area of the passaj^Tcs on the 

ventilating: air side of the heater, ft*^ 

Ag total c r 0 s n - r. r c t i onal :irca of the -oassa/jes on the 
exhaust side of the heater, ft^ 

A^ cr 0 s - s e c t i onal arcf) of the inlet and outlet 
e T hau 3 t a s ducts, ft 

A^ total cros r-sGct i on O. are^ at the tanr^rod en5.r. of 
the e::h;^vast gas pa-^sa^^es, ft^ 

A3 cr 0 s s - 3 e c 1 1 on^j 1 ar^^r. of the v rn t i lat i n/-' air outlet 
duct, ft'' 

heat capacity of air at constant pressur'^-, 3tu/lh 



c 

P 



a 



c^ h'-at cap.'.cit:^" of exhaust ^'^-^ - 1 constant pressure, 
-'r Btu/lh 

D hvdraulic dianetex*, ft 

D^^ hydrau^-ic diar.eter on ventilating air side, ft 

hydraulic diarnet:-r on ^^xhau3t f:as nide, ft 

unit tht'-rfTial convoctive conductance (a^'vra^^e vith 
length), 5tu/hr ft^ 

unit thcrrral convectiv^ conductance for the ventila- 
^ ing air (average with length), 3tu/hr ft^ 

f^ unit thermal ccnvoctiv-; conductance for the exhaust 
S ^^as (avera,7:e v/ith lcng:th), ?c.u/hr ft'^ 
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g gravitational force per unit of mass, llD/(l"b sec^/ft) 



G- weight rate per unit of area, lli/hr ft 
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& weight rate per unit of area for ventilating air, 
Ib/hr ft^' 

G-g weight rate per unit of area for exhaust gas, lo/hr ft 

K coefficient for isothermal pressure drop due to 
g r a du al contraction of fluids 

coefficient for isothermal pressure drop due to 
sudden contract ion of fluids 

L length of fluid passages; also length of heat trans- 
fer surf a c e , f t 

measured rate of enthalx)y change of ventilating air, 
Btu/hr 



measured rate of enthalpy change of exhaust gasi Stu/hr 



t^ arithmetic average of three surface temperature meas- 
urements taken near the ventilating air inlet, . 

t^ arithmetic average of three surface temperature meas- 



urements taken near the ventilating air outlet, 



T arithmetic average mixed-mean aosolute temperature of 
^ T _|, T 

ventilating air = — 4- 460, °R 

2 

Tg^^ arithmetic average mixed-m.ean absolute temperature of 
fluid = -L 

arithmetic average mixed-mean absolute temr)erature of 

e 

T -|- T 

exhaust gas = — ~ 4 60, 

2 

T mixed-mean absolute temperature of fluid at entrance 
section (point l), E 

Tg mixed-mean absolute tem-oerature of fluid at exit 
section (iDoint 2), 



T. liiixed-nean alDsolute temperature of fluid for iso- 
'^^^ thermal pressr.re drop tests, 

mean velocity of fluid at liiinimum cr o s s- s e c t i o na 1 
area of fluid passages, ft/ sec 

/ 2 0 

U over-all unit thermal conductance, Btu/hr ft 5" 
UA over-all thermal conductance, Btu/hr^F 
W weight rate of fluid, Ib/hr 

weight rate of air, lo/hr 
W., weight rate of exhauist gas, Ih/hr 

E> 

7" weight density' of fluid at entrance' to heating 
section (point l), Ih/ft^ 

pressure drop along heater, 1 D/ f t 

AP pressure droo alon^: heater on ventilating air side, 
' " 1 c/f t^- 

A?' pressure drop along heater on ventilating air- side, 
^ ■ inche.s H^O 



AP" 



pressvire dr.op along heater on exhaust gas side, lo/ft 



AP' oressure dror) along heater on exhaust gas side, 



inches "HpC 



AP 



c ont r 



isothermal pressure drop 'd-o.'e to contraction, Ih/f t 



/^^-p isoth.ermal pressure droD al.png . inlet and. outlet. 

^'^^^ ducts of the air s'hi oud , Ih/ft" 



AP 

exT) 



y 2 

isothermal "oressurs drop due. to expa.nsion, lb/ft 



^^fric isothermal pressure drop 'due to f r ict ion," Ih/f t' 



AP isothermal pressure drop alorig^heater and ducts 

^' i s 0 at t einp e r a t u r e T:? ^ ^ » 1 h/ f t ^ 



• i so 



. Ap _ . L 

isothermal friction fa:ct-or defined oy — t^so^ "^Y" 



At lo^-:ar ithmic mean temperature difference, 
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At^ difference "between mixed-rnean temperatures of venti- 
lating air at sections defined "by Doints 1 and 2 = 

2 1 

At difference between mixed-nean temperatures of exhaust 
gas at sections defined "by points 1 and 2 = 



\X viscosity of fluid, lb sec/ft^ 



f mixed-mean t em^r) eratur e of ventilating air at entrance 
^1 section (point l), 

T mixed-iaean temperature of ventilating air at exit 
^2 section (point 2), 

T mixed-mean temioerature of exhaust gas at entrance 
^1 section (point 1), ? 

T m.ixed-mean temperature of exhaust gas at exit 
^2 sect ion (p 0 int 2 ) , 

f 

Nu Kusselt number = 

k 

Pr Prandtl number 3 600 g 



Re Beynolds number - 



k 

GJD 

3600 [X g 



MSTEOD OJ ANALYSIS 
Heat Transfer 



The thermal output of the heater was determined by 
the enthalpy change of the ventilating air: 

^a = ^a (^a^ - a ) 
a c> -1 

in which c^ was evaluated at the arithmetic average 
-^a 

ventilating air t e:.-p era tur e as a good approximation. A 

Dlot of q against YiT at constant values of the exhaust 
a a 

gas rate W. is shown in figure 8, 



On tho e::haust (-^-^.s side of , th/: hen.t.cr: 

o 

'rhcre- c v/as evaluated ir>r air r t the aritlimctic av--r- 
a.re cxh.'-.iist ran t omr' or atur e . 



Tho mea.-.ured ovev-all ^hei-mal c onduc t fj.nc g UA v;as 
evaluaterl from th? exprosi-ion: 

q.^ := (UA)Ati^ • (3) 

The vo.lno of ^-^ ir ^ov c ro s ? fl ow ' i s cho - c.n a that 

for count erf low and thon rul t i'nl i od' "b y a" correction factor. 
( S-eo ref-jrehc-c 2,"p'. l---? . ) In^'Sir.^ich as th?.-^, correction 
factor v/a^ a].\^ay3 v ithin 1 p ?rcent of unity, the At^^ 
used an- thc.so ..calculation? was ta^^:^ to '^'e that for coun- 
torflo^/ of the fluids. 

A r>lot of VA as a function of tho vor.tilatinr air 
-'-ate V/., at constant valuer of- is shown . i n .f irure 

The therr-.al outoat of the heater for values of iri 
other than those used here na:; he predicted oy determining 
UA at th^ corrospondin^';: wei;^'ht rates from firure Q . and 
ur. in^j these magnitudes in env o.tion (3)- 

The predicted rate of heat transfer plotted in fi^rure 
9 v;as calculated h:'^ mean:- of the equation 

UA . i (^'0 

\/here A is the he-'t ; t r ; ns f or area, and the unit thermal 
coaductc-^nces f^ and f^ , on the ventilrtinf air and 

^a . ^£ 

exh/ust ran sides of the heater, respectively, are evalu- 
ated from tho follov/in;'^ equations: 

■ ' ' ■ ^ 0 . 8 . • . . 

f = ^.56 X 10-^^ 7 0.296 (5) 

and 
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p 0.8 

f - 5.56 X 10 T . - (5) 

g 

v/here D is the hydraul ic diamet er and the su'oscripts a 
and g refer to the ventilating air and exhaust gas sides, 
respectively. (See reference 3, equations (16) .and (17), 
for derivation of equations (5) and (6).) 



Pressure Drop 

Measurements of the static pressure drops' across the 
air and gas sides of the*heater were made under isothermal 
and non- i sothermal conditions. A determination of the 
pressure drops across the air inlet and outlet ducts alone 
under isothermal conditions also was made. The isothermal 
pressure drop across the heater alone APj^^j. ' was deter- 
mined hy the difference between the measured drop across 

both ducts and heater A?m and that across the ducts 

i s 0 

alone APa^^t- 

These data were employed to evaluate the isothermal 
friction factor t'^^Q ^ll. side of the heater by 

means of the expressions 

^^^iso ' ^^^^^^ ^ ^^^^^ ^ "Pcontr + ^^frict ^ ^^exp ^'^^ 
The contraction loss is obtained from 

A? , = K 7 -i- (8) 
contr c 3g 

in which is the mean velocity in the air passages of 

the heater and 7 is the unit weight of the air, evaluated 
at T. . The magnitude of was obtained from refer- 

ISO, c 

ence 4 or reference 5 (K^ = 0.30). 



The f r ic t i onal pressure drop is evaluated from 

2 

D 2g 



AP, . , - t . ' (9) 

■^frict ^isop, 



lo 



and tlie fispauEiQiJ loss ' ds .ootainoc from 

wlioi^e..: Aj^ • i s thi: . cr 0 3 s- s Oct i onal area of th.a air ide of 
the heater and. . A3 is . the c.f os e?- s ec-t i'onal. area- o.f the 
outlet air duct. Thus i\^r^ ohtained from 

7 2e L \ A3/ . ^ ^"'^ 

Ka.'nitudos of t^.-Q evaluatocl from 'this , eauat ion 
ar / given- in- talDJ-O^ .11, 

For the ^'^s side, the measured isothermal, static 

pressure dro"^. APn wan tha.t across the heat er alone; 

is 0 . - 

so ^^htr ~ ^^T. • The gas pas3af:es were slightly 

i 3 o 

tapered on. each end so that the isothermal T)re3sure dror; 
consisted. of the lollouin^v: five terns: 

a) A sudden contraction from gas-inlet duct to 
entrance end of j^)"'-'^ !• '"^-s^? ages 



d) a gradual contraction alon;; ta^Dored entrance to 
pas sages ut) t 0 
sect ional ar a 



passages ut) 1 0 point of minimum cross- 



c) The frictional pressure .-drot)* through center sec- 

tion of passages at minimum cross-sectional area 

d) A gradual oxpans ion .at tapered ends of passages 

e) A sudden expansion from end passages into gas- 

out let . due t " ' ; 

The expression for the i'f^othormal pr es 3ure drop due to 
these five torms is. then written in a form similar to 
epilations (7) ^^r.d (ll): * ^ " 



^!ntr ^ ^m: 
V ?g 
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in which = OtlU, the coefficient for sudden contrac- 

tion^ is obtained from reference U or reference 5? ^ = OfOU, 
tiio coefficient for gradual contraction, also is obtained 
from refer ence or reference 5J (l^ ^) = 0,25f t;he coef- 
ficient foi* f^rddual expansion, is obtained from refer'ence 6; 
and the last ^erm on the right side of equation (12) is' the- 
same as. equation (lO).for sudden expansion loss es* The 
cross-^s ec.t i onal. ar ea is that of the inlet and outlet 

exhaust ■ gas duct s; . ■ .is the total area/a.t the' ends* of 

the ^as passages; and- A is the minimum, area at the, :cent.?r 

of the passages which is the total cro's s-'sect i o^nal. axea o-n • 
the exhaust-fas side of the heater used' ■alsd-ineciuat ion (.6). 
for th.e; comput at i on ..of the unit thermal conductance, f^ # 

Thus, is calcxilated bv moans of equati on . ( 12 ) ' f rom 

ISO 

the measured pressv.re drop across the heater alone ^-^htr* 

Calculat 3d values of ^^^q .are compared to predicted 

values 'taken fora smooth pipe, (See fig, 7 . of ..reference 7 • ) 

The non-* 1 s 0 1 he.rmal pressure drop of either fluid- 
through'" the heat exchang-er v/as pr ed i c t ed f rom isothermal 
measurements by means of equation (o) of reference 1^ 




(13) 



where . 

APjp total measiired i s o t hermal. pros sur e dro^ (due' to 

iso f riot ion alone ) at tomperatirre !^iQo 

and mixed-mean- absolute temp era.tur es of fluid at 

inlet -and outlet of heater, r e spQ c t i veljr ' 

T^^,^ arlthmetlo average of and 

G flvvid flov/ per unit cro s s«»s ect i onal- area 

unit v/oight, evaluated at temperature T^, of fluid 
at inlet to heater 

A comparison of moasvired a.nd predicted non- is othermal 
pressure drops across each side of the heater is presented 
in table IV and is shown graphically in figures 10 and 11« 

Heat transfer and pressure drop data for this Trane 
heat exchanger are presented in table le 
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DISCUSSION 

The arithmetic average of all the heat balance ratios 
( r;.,,/ ) - wa s 0,975. The improvement over the ratios found 

in tes1>s on other heaters was due to the tetter temperature 
distribution attained at the exhaust gas outlet of this 
heater-v The exhaust gas experienced a sudden expansion- 
from the' tubes of the heater. into the outlet ducts, and 
also "central cores of hot gas," encountered in many heaters, 
were absent in this case because of the great number of 
exhaust gas passages. - 

The magnitudes of the over-all thermal conductance Ui. 
predicted by means of equations (4), (5), and (.6) are about 
10 percent lower than the values obtained from laboratory 
data at an air rate of 5000 Ib/hr and about 2d percent - lower 
at an air^ rate of 2000 Ib/hr. The use of the multiplier 
(1 + 1.1 d/l) in equations (5) and (6) to account for th« 
higher unit thermal conductance near the entrance of a t'abe 
or channel' v;ould yield magnitudes of UA about 5 percent 
higher than those which were obt a ined • f r om equations (5) . 
and (6) -q-pon neglect of this correction. ('See Appendix of 
reference 8.) Also the sinuous character of the passages 
on the air side of the,.heater may actually increase the 
unit thermal conductance over tinat expressed by eoraa-tion- (5), 
which is based on results of straight tubos. 

The predicted uni t t her :ua 1 . co nduc t a nc e on the gas side 
of the heater v;as found to be much larger than that' oh the., 
air side. Thus, the controlling resistance to heat trans- 
fer was on the air side. It may be possible, therefore, to 
re-proportion the air and gas c r o s s- s ec t i onal areas i"n* 
order to reduce the large static pressure dror) on the ex- 
haust gas side but not reduce appreciably the thermal out-r • 
put of the heater. The temperature of the heate-r surfaces 
would thus also be diminished." 

The i s other ma 1 friction factor along the air side of 
the heater alone, computed from laboratory oressure drop 
measurements, is larger than would be.predicted for smooth 
or even rough pipes or channels. This fact may have been 
due to eddies caused by the* zigzag path followed by the 
ventilating air as it -passed through the heater. The iso- 
thermal press'J-re drop through the inlet and outlet air 
ducts was about ^50 percent of the total droo across the 
ducts and the heater. (See table II.) 
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The i S.6 t hermo-j- . f r i c t i on f ac t or alon/^ t he - exhau:^ t pas 
side 7of the heater comouted fr'oih laloorat ory "»ores sure Aro-o 
.rnvia.oair ernent s - "by mec'-.ns of equation (12) Was ^/ i t hi n 7 ' ^ -f"- 
cent;. of the ^'^redicted value for -'a smooth tuhe. 

Ma>qnitude8 of t. ~ are also tabulated in tahles 
. . . 1 s 0 p 

II. and III. A.. coTTiTjar i 3 on of these values wi-th th'oseof a 
'3lotted-fin heater (see reference . 9 » "t^'i^l^s VII ahd VIII) 

reveals that • • t ^ a ' ~ • - o ^ e i the r t yb e of ' heat er i 3 abpr ox- 
•^ ^ ^ D 

iinately O.7 for the exhaust g?"^ sides and a'opr oximat ely 
2.5 Xox .the .ventilating air sides. These.values are, of 
course, a.fvinction of the.weijht. rR.te T^er unit of cross- 
sectional area The •hi^,her . value s of t hi s ' r n t i 0 ' 0 n 
the air side may he explained hy the turhulence- or eddy- 
forming path usually fcllov/ed hy the ventilating; air. 

The values of the Gon-isot heriiisl • pressure .drop across 

the heater pre-lictod from the measured isothermal drop "by 
means of eo^uation (I3) com-oare v/ell with the values meas- 
ured in the lah 0 r s.t 0 r y . (See fifs. 10 and 11 and tahle IV 
The slc ^^e of the non- i s 0 thermal pressure dro"'o curve should 
"be 2i.'i'S.ter than the slope for the isothermal curve for the 
cooling; exhaust ^ases; whereas it should "be Iqbz in the 
case of the heated ventilating; air. An in^7pection of eoua 
t i 0 .1 ( 1 "^> ) r e V e 1 s t e "basis for these effects. 

The heater tested here was constructed of l/32-inch 
iron sheets and vei^-hed 33 pounds. It is "believed that a 
similar heater hr.- "been made of thinner metal "bj-" the same 
firm, thus considerahly reducing the weight of the unit. 



CCrCLU^IOlTS 

1. The thermal out"^-'\xt of the Trane heater at an air 
rate of 3OOO Ih/hr and an exhaust fas rate of 5^00 Ih/hr 
v/as 2S^,000 BtuAir. The pressure dro-^^s, under these con- 
ditions, vror". c . ?. inches of Wr'^ter on the air side and 1^1 
inches of -./ater on t-ie exhaust f;as side, 

2. It may "be pos-. ihle to reduce the larre pressure 
drop on the exhaust rcas side "by reducing the restriction 
in the cr 0 s s - s e c t i onal area and ?^ct not preatly reduce the 
thermal output of the heater, Decause the c ont r o 1 1 i n;^: re- 
sistance to heat transfer appears to he on the ventilating 
'c\ i r si d e . 
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3. The thermal output of this heater may be predicted 
v-'ithin 10 to 25 percent by means of equations (3) to (o). 
The sinuosity of the air-side passages may account for 
part of the discrepancy "between the predicted and measured 
magnitudes of the over-all thermal conductance UA. The 
air-side pressure drop also is probably affected* 

4. The thermal performance using fluid temperatures 
other than those used in the tests reiDorted herein can be 
predicted by obtaining the over-all thermal conductance 
UA from figure 9 at the actual fluid rates and substitut- 
ing in equation {6). 

5. The isothermal pressure drop on the exhaust gas 
side of the heater can be predicted using a friction fac- 
tor for a smooth tube in equation (12). 



Universit;y of California, 
Berkeley, Calif, 
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TABLE lY 

Kon-I so thermal Pressure Drop Data on Trane Crossflow Heater 
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''These entries are taken from plot of AP against or AP against W 

since actual isothermal measurements were at slightly different fluid rates. 
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Figure 4.- Photograph of Trane heater with 
ventilating-air ducts attached. 




Figure 5. Figure 6. 



Figures 5,6.- Photographs of Trane heater 

installed in test stand. 
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Air-side section Gas-side section 



Air 6o$ 

Cross section area, ft.' 0.216 (Aa) 0.162 (Ag) 

Heat transfer area , ft.' 19.2 19.2 

Hydraulic diometer, ft. 0.0253 0.0386 

Weight of heater — 33 lbs,, shroud — 12 lbs. 



Fig. 7 Schennatic Diagram of Trane Heater 

and Air Shroud 




f\q.8.' Thermol outpirf of Trane enhoust-qos ond olr heat exchanger 
as 0 function of ventilating ^ oir rote 



(I block = 10 dvislons on \/20 Zngr sca)e) 
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Flg.9.- Overall conductance of Trane heater as a 
function of ventl latlng - oir rote. 
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Fig. 10.- Pressure drop on olr side of Trane heater as 
Q function of ventilo ting- air rate. 
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Pre&svre drop on exhaust-gas side of Trone heater asj^ 
a function of exhaust- gos rote. — 



